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Abstract 
 

Prediagnostic Selenium and Selenoprotein P and Survival in Colorectal Cancer Patients 
By Sushma Umesh 

 

 

BACKGROUND: The dietary intake of selenium (Se) and blood concentrations of 
selenoprotein P (SePP), a biomarker of functional Se, varies significantly worldwide with 
lower levels observed in the European population. There is limited data on the association 
between Se and cancer survival and no studies on the association between Se, SePP and 
colorectal cancer (CRC) survival to our knowledge.  
 
METHODS: To investigate whether pre-diagnostic circulating levels of Se and SePP are 
associated with overall and CRC-specific mortality after cancer diagnosis, we analyzed 1,021 
patients (all deaths = 450, CRC deaths = 375) with CRC from the European Prospective 
Investigation into Cancer and Nutrition (EPIC) cohort, which included Western European 
populations that are historically Se deficient. Cox proportional hazards models were used to 
calculate the hazard ratios and 95% confidence intervals, adjusting for dietary and lifestyle 
factors.  
 
RESULTS: Multivariable analyses suggested a statistically non-significant inverse 
association between total Se and overall (HR for the fifth quintile versus the first quintile = 
0.82, 95% CI: 0.56 – 1.16) and CRC-specific mortality (HR for the fifth quintile versus the 
first quintile = 0.76, 95% CI: 0.52 – 1.11). Higher SePP levels were associated with a 
statistically significantly lower overall (HR for the fifth quintile versus the first quintile = 
0.70, 95% CI: 0.50 – 0.98), but not CRC-specific mortality. No statistically significant 
interactions by potential modifying factors related to CRC and overall survival were 
identified.  
 
CONCLUSION: Our study suggests that higher pre-diagnostic total serum Se and SePP 
protein concentrations may be associated with lower mortality among patients with CRC in 
Western Europe. Se intake/status might be a potential factor affecting survival in CRC 
patients, particularly from a population with low Se status, such as in Europe.    
 
IMPACT: This study is the first and largest prospective analysis of the association between 
pre-diagnostic levels of Se and SePP with mortality among CRC patients.     
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CHAPTER I 

 

 

BACKGROUND 

 

Colorectal Cancer 

 

Colorectal Cancer (CRC) remains as one of the leading causes of death both in the 

United States and worldwide. In the United States, CRC is the third leading cause of 

death in both men and woman while in Europe, CRC is the second leading cancer killer 

[1, 2]. The incidence rates for this cancer are similar in both sexes [3]. By 2030, the 

global cancer burden for CRC is expected to see a 60% increase in cases with over 2 

million cases and over 1 million deaths [4]. However, the cancer distribution is not 

uniformly spread and differs geographically, with incidence rates varying up to 10-fold 

between countries with the highest and lowest rates [3]. Increases in CRC incidence and 

mortality are becoming more prominent in European, Asian and South American 

countries while these rates have started to stabilize in North American and Australian 

populations [4]. Reasons for this declining trend may include increased screening and 

early detection in addition to improved prevention measures and perioperative care [4].    

CRC survival is dependent on several factors, including stage of diagnosis. 

According to Surveillance, Epidemiology, and End Results (SEER) data from 2005-2011, 

39.5% of CRC cases are diagnosed at the localized stage. The 5-year survival rate for 

localized CRC is 90.1% and 13.1% for distant stage [5]. Survival for CRC continues to 

increase with improved diagnosis and effective treatments. These survival rates also vary 

geographically with the US reporting a 12-14% higher CRC survival rate than Europe in 

the late 1990s [6]. These differences may have been attributable to several factors 
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including improved screening programs, but more importantly, point out the differences 

in survival by geographical location. Positive family history of CRC, typically defined as 

the presence of CRC in one or more first and/or second-degree relatives, is also 

considered an indicator of cancer survival, although results are mixed [7]. In the Nurses’ 

Health Study, women with colorectal cancer and a family history of CRC were at higher 

risk of dying from CRC or any cause compared to women with colorectal cancer and no 

family history of CRC (adjusted HR: 1.38, 95%CI: 1.02-1.86) [8]. Conversely, a study 

conducted using the survival arm of the Melbourne Colorectal Cancer Study suggested 

that 5-year survival of CRC was neither improved nor worsened by the presence of 

positive family history of CRC [9].  

CRC has become a significant problem both in developed and in developing 

countries. Environmental factors are also major factors in disease etiology and survival. 

5-10% of all CRCs are due to genetic defects and over 70% of cases have been associated 

with diet [10]. Modifiable risk factors including diet and lifestyle and their association 

with CRC development are also primary areas of interest for survival research [2].  

 

Colorectal Carcinogenesis 

 

CRC refers to a cancer that originates either in the colon or the rectum, which 

may transform the normal mucosa to adenomatous polyps, and can ultimately lead to 

invasive carcinoma. [10]. CRC carcinogenesis typically requires a normal cell to 

accumulate several mutations and establish clones that continue to proliferate. Genomic 

instability is a common characteristic of carcinogenesis and the two most common 

categories include chromosomal instability and microsatellite instability [11]. Advanced 



3 
 

 
 
 

metastatic cancer is generally considered incurable, emphasizing the need for early 

detection [12]. Historically, screening and detection of polyps have been used as the 

primary prevention strategy [2]. Screening is typically recommended for adults starting at 

50 years of age [13]. Although primary prevention for CRC is increasing, many 

individuals still fail to meet the minimum recommendations [14]. 

 

Risk Factors in Colorectal Cancer 

It has been well-characterized that high-fiber diets are associated with lower risk 

of CRC. A study conducted using EPIC data suggested a 40% reduced risk of CRC 

among those who had a high-fiber diet [15]. Similarly, several studies have indicated an 

inverse association between selenium (Se) levels and CRC. A study conducted by 

Hughes et al, showed a significant association between higher Se levels and lower CRC 

risk in women [1]. Furthermore, the researchers also showed that higher levels of 

Selenoprotein P (SePP) are also associated with lower CRC risk. Two North American Se 

intervention trials suggested opposing results however, it is speculated that differing 

baseline Se levels may be the logical explanation [1].   

 

In addition to diet, several other lifestyle factors play an important role in the 

development of CRC. High alcohol intake and smoking have been associated with greater 

risk of CRC [16, 17]. Increased alcohol consumption and risk of CRC is especially 

prevalent in younger patients [3]. Varying rates of cancer incidence have suggested that 

diet and lifestyle are contributing factors to the onset of disease. High body mass index 

(BMI), obesity, lower levels of physical activity and presence of diabetes mellitus are 

also established factors that increase the risk of CRC [18]. Although there is limited 
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literature on the subject, dietary micronutrients have been implicated in the etiology of 

the disease [1]. However, the heterogeneous nature of the disease and difficulty in 

measuring dietary exposures makes definitive associations between cancer and dietary 

nutrients hard to characterize. 

 

Prognostic Factors in Colorectal Cancer 

Currently, stage information is most the most commonly used clinical prognostic 

factor and there is a need to continue identifying additional factors [19]. Early detection 

is especially important for CRC because prognosis and survival is highly dependent age 

of diagnosis, stage, and grade of tumor [3]. Poorly-differentiated tumors have been 

shown to be associated with bowel penetration [19]. A combination of chemotherapy and 

radiation is used to treat the disease, with surgical removal of the tumor and lymph 

vessels in advanced cases [4].   

 

Selenium (Se) 

 

The exposure of interest in this study, selenium (Se), an essential micronutrient, is 

a trace element that is involved in several major metabolic pathways. Biochemically, it 

forms a covalent bond within selenocysteine (Sec), the 21st amino acid, which is 

subsequently present in the mammalian protein, glutathione peroxidase (GPX) [20, 21]. 

The human genome contains twenty-five selenoproteins and five GPX selenoproteins 

have been identified in humans, spanning a variety of biological roles including their 

involvement with redox homeostasis [20, 22]. In addition to GPXs, other classes of 

selenoproteins including thioredoxin reductases (TRXRs) and iodothyronine deiodinases 



5 
 

 
 
 

(DIOs) have been widely researched [21]. Se is also contained in another amino acid, 

selenomethionine, which is biosynthesized in plants. Subsequent research studies have 

identified the important role of Se to human health and Se remains an important area of 

study today.    

 

Dietary Selenium 

 

Large amounts of Se is found in the soil that is used to grow plants for human 

consumption which greatly varies based on geography [22]. For example, in the 

European population and certain regions of China, it has been shown that there are 

significantly lower levels of dietary Se as compared to the North American and 

Australian population [21]. Soil management is also a key component of Se status as 

agricultural techniques such as irrigation and fertilization can greatly affect the 

bioavailability of the micronutrient [23]. Se is most commonly present in meats and fish 

in addition to plants and grain products. Animals that are raised for food consumption are 

typically fed a Se-supplemented diet to ensure greater Se concentrations in the meat. The 

recommended dietary allowance (RDA) for Se in the United States and Europe is 55µg/d 

for both men and women [22, 24]. Europe has an average dietary Se intake of 40µg/d 

compared with upwards of 90µg/d in the United States [25].  

Early research on Se focused on understanding its toxic effects to humans. 

However, Se deficiency can also lead to several adverse outcomes both in humans and 

animals. The relationship between health outcomes and Se levels has typically been 

depicted by a U-shaped curve, suggesting that there are adverse health consequences for 

both Se deficiency and toxicity [24]. Historically, Se deficiency has been associated with 
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white muscle disease, common in livestock. In humans, endemic Se deficiency has been 

associated with many diseases including Chagas’ disease, epilepsy, Keshan disease 

(cardiomyopathy), Kaschin-Beck disease (osteoarthropathy) and Myxedematous endemic 

cretinism [21-23]. The exact function of Se in these diseases have eluded researchers but 

Se deficiency is likely to be a pre-disposing factor. Se deficiency may also lead to muscle 

disorders in humans, particularly in areas with low levels of Se in the soil [21]. 

Conversely, Se toxicity, also referred to as selenosis, can also be a major problem. 

Selenosis is rather uncommon in humans but can lead to garlic breath, hair loss or liver 

cirrhosis in extreme cases [22]. Acute and chronic cases of Se deficiency and selenosis 

have varying consequences on human health and further research is needed to identify 

Se’s role and mechanism of action in these cases.  

Se is also critical for normal brain development and function as the brain strictly 

regulates Se homeostasis [22]. In addition, Se and selenoproteins are also thought to play 

a major role in several chronic diseases including cardiovascular disease, diabetes 

mellitus, neurodegeneration and cancer. Selenoproteins are important to the production of 

hormones and are involved with thyroid hormone activation [21]. Despite the fact that 

selenoproteins serve a variety of functions, it has been speculated that regulation of Se 

may serve as a therapeutic agent and prevent the onset of several life-threatening 

diseases. 

 

Selenoprotein P (SePP) 

 

As previously mentioned, humans contain twenty-five selenoproteins that perform 

a myriad of functions. Selenoprotein P (SePP) is a secreted glycoprotein that is 
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predominantly produced by the liver [26]. SePP contains over 50% of the total plasma Se, 

allowing for its unique property to serve as a biomarker of functional Se. SePP depletion 

leads to increased Se excretion in the urine and SePP and Se deficiency leads to 

decreased plasma concentrations of SePP [26]. The decreased Se expression when SePP 

is depleted suggests that SePP may also be responsible for Se transport and storage, 

although the exact role is still debated [27].  

Animal studies, utilizing Se deficient mice have been used to identify the different 

mechanisms of action and relationship between Se and SePP [28]. Dietary Se 

supplementation of SePP knockout mice (characterized by systemic Se deficiency), have 

restored the original phenotype [20]. It has been hypothesized that as SePP expression in 

the brain increases with age, it helps mediate oxidative stress [21]. 

 

Selenium, Selenoprotein P, and Colorectal Cancer 

 

Although conflicting opinions in the literature exist, the association between Se 

and CRC has been well researched nonetheless. Findings from several cohorts and 

clinical trials suggest that the association between Se and CRC risk differs by sex. The 

Women’s Health Initiative (WHI) study including women with sufficient Se levels, 

showed no association between Se and CRC risk: Adjusted OR comparing the fifth and 

first quintile was 1.26 (95% CI: 0.91 – 1.73) [29] . On the other hand, one of the largest 

prospective analyses conducted using the EPIC cohort data, a Se deficient population, 

suggested an increased CRC risk with lower Se levels for women: IRR per 25 µg/L Se 

increase was 0.83 (95% CI: 0.70 – 0.97) [1]. The varying body of literature around this 

subject show the importance of Se in the context of CRC risk.  
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 Decreased levels of SePP mRNA have previously been reported in colon cancer 

tissues [30]. Four single nucleotide polymorphisms (SNPs) in the human SePP gene have 

been identified and linked to CRC risk or colorectal adenoma [31]. Understanding the 

association between SePP and diseases such as CRC continues to be a primary area of 

research today. More importantly, this association has not been well-characterized in 

European populations [32]. Measuring SePP levels in addition to Se levels provide a 

more accurate and better overall estimation of exposure to Se and nutritional status [33].  

 

Selenium, Selenoprotein P, and Cancer Survival 

 

There is less established evidence showing the effects of lifestyle factors and 

dietary factors including exposure to Se on CRC survival [34]. The literature on Se and 

survival for any cancer is generally limited and there are no studies on the association 

between Se and CRC survival. A small study of 62 renal cancer patients in Germany 

suggested that lower Se and SePP concentrations correlated with higher tumor grade and 

tumor stage at diagnosis [35]. A study conducted on 3,146 women diagnosed with 

invasive breast cancer in the Swedish Mammography Cohort, population with low 

exposure to Se, reported an inverse association between Se intake and breast cancer 

mortality with a HR of 0.64 (95% CI: 0.48 – 0.84) among women in the highest Se 

quartile as compared to women in the lowest Se quartile [36]. On the other hand, the 

Health Professionals Follow-Up study found that Se supplementation of 140 or more 

µg/day after diagnosis of non-metastatic prostate cancer, may increase the risk of prostate 

cancer mortality: HR of 140 or more µg/day of Se supplementation after diagnosis as 

compared to nonusers was 2.60 (95% CI: 1.44 – 4.70) [27]. Further research is needed to 
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examine the association between Se and CRC survivorship. Further research is needed in 

order to definitively make a conclusion about the association between SePP and CRC 

survival. 
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CHAPTER II  

 

ABSTRACT 

 
BACKGROUND: The dietary intake of selenium (Se) and blood concentrations of 

selenoprotein P (SePP), a biomarker of functional Se, varies significantly worldwide with 

lower levels observed in the European population. There is limited data on the association 

between Se and cancer survival and no studies on the association between Se, SePP and 

colorectal cancer (CRC) survival to our knowledge.  

 

METHODS: To investigate whether pre-diagnostic circulating levels of Se and SePP are 

associated with overall and CRC-specific mortality after cancer diagnosis, we analyzed 

1,021 patients (all deaths = 450, CRC deaths = 375) with CRC from the European 

Prospective Investigation into Cancer and Nutrition (EPIC) cohort, which included 

Western European populations that are historically Se deficient. Cox proportional hazards 

models were used to calculate the hazard ratios and 95% confidence intervals, adjusting 

for dietary and lifestyle factors.  

 

RESULTS: Multivariable analyses suggested a statistically non-significant inverse 

association between total Se and overall (HR for the fifth quintile versus the first quintile 

= 0.82, 95% CI: 0.56 – 1.16) and CRC-specific mortality (HR for the fifth quintile versus 

the first quintile = 0.76, 95% CI: 0.52 – 1.11). Higher SePP levels were associated with a 

statistically significantly lower overall (HR for the fifth quintile versus the first quintile = 

0.70, 95% CI: 0.50 – 0.98), but not CRC-specific mortality. No statistically significant 

interactions by potential modifying factors related to CRC and overall survival were 

identified.  

 

CONCLUSION: Our study suggests that higher pre-diagnostic total serum Se and SePP 

protein concentrations may be associated with lower mortality among patients with CRC 

in Western Europe. Se intake/status might be a potential factor affecting survival in CRC 

patients, particularly from a population with low Se status, such as in Europe.    

 

IMPACT: This study is the first and largest prospective analysis of the association 

between pre-diagnostic levels of Se and SePP with mortality among CRC patients.     
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INTRODUCTION 

 

 Colorectal cancer (CRC) is the second most common cause of cancer death in 

Europe [37]. A number of prognostic factors contribute to disease progression including 

tumor stage and grade, and differences in lifestyle and diet vary across European 

countries [3, 38]. The epidemiologic literature is increasing on the association between 

dietary micronutrients and CRC risk, however, research is limited on how dietary 

micronutrients affect survival [1].  

Selenium (Se), an essential micronutrient, is a trace element that is involved in 

several major metabolic pathways and it thought to have potential anti-carcinogenic 

properties [39]. The effects of Se are mediated by selenoproteins, which have a variety of 

biological roles including involvement with redox homeostasis [20, 22]. Selenoprotein P 

(SePP) is a secreted glycoprotein that is predominantly produced by the liver and is 

considered the best biomarker of functional Se [26]. SePP is a major transporter of 

hepatic Se in the serum and may have local Se storage functions [40]. It is an indicator of 

long-term Se intake and is less influenced by the chemical form of ingested Se [1].   

The intake of Se and blood concentrations of selenoprotein P (SePP) varies 

significantly worldwide with lower levels observed in the European population [26]. 

European and Asian populations often experience Se deficiency as compared to North 

American populations where Se is abundant in the soil, and food system [23]. Se 

supplementation trials are frequently conducted in the US, where 50% of the population 

take dietary supplements and have sufficient Se levels [25]. Thus, it is important to 

understand the role of Se and its influence on survival after cancer diagnosis in a Se 

deficient population.   
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Many factors play a role in cancer progression including chronic inflammation, 

and oxidative stress, an imbalance between the production and safe elimination of free 

radicals and reactive oxygen species (ROS) [41]. During chronic inflammation, high 

levels of ROS can hinder cellular defense mechanisms and promote tumor initiation and 

progression [42]. It is biologically plausible that Se and SePP may influence prognosis 

due to their role in cellular growth and influence on cancer initiation [36, 43]. One 

possible explanation for its anticancer effects may be due to the micronutrient’s ability to 

influence the transmission of “death signals” and trigger apoptosis [43]. Se and its 

metabolites have also been shown to inhibit progression of the cell cycle and inhibit 

blood vessel formation, a process necessary for tumor growth and metastasis [44]. 

Selenoproteins play a role in modifying inflammation and preventing further oxidative 

damage to other biomolecules with SePP specifically involved in antioxidant processes 

and transport functions [44].  

Evidence from studies of Se and SePP levels and CRC risk suggest a possible 

association between the micronutrient and CRC survival. However, there is limited 

observational data on Se and SePP and cancer survival [34]. Tailored recommendations 

regarding lifestyle changes for patients post cancer diagnosis are scarce [45]. Cancer 

survivors are also at increased risk for comorbid conditions and often seek lifestyle 

changes to improve their long-term health [46, 47].  More specifically, there is little to no 

knowledge on the role diet and lifestyle factors during and after CRC treatment, and how 

they influence CRC survival [48]. To our knowledge, there is no data on the association 

between Se, SePP and CRC survival.  
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In consideration of the current gap in the literature, we investigated whether 

higher pre-diagnostic exposure to Se, as indicated by circulating levels of Se and SePP, is 

associated with lower overall and CRC-specific mortality in patients diagnosed with CRC 

within the context of a large Western European prospective cohort study. 
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METHODS 
 

Study population and data collection 

The European Prospective Investigation into Cancer and Nutrition (EPIC) is a 

multicenter prospective cohort study designed to investigate the associations between 

diet, lifestyle, genetic and environmental factors and various types of cancer. The 

rationale and methods of the EPIC design have been published previously [15, 49]. 

Participating countries include France, Germany, Italy, Greece, the Netherlands, Spain, 

the United Kingdom, Sweden, Denmark and Norway. Between 1992 and 1998, 

standardized dietary and lifestyle/personal history questionnaires, anthropometric data, 

and blood samples were collected from most participants at recruitment, before disease 

onset or diagnosis. Diet over the previous 1 year was measured at baseline by validated 

country-specific dietary questionnaires developed to ensure high compliance and better 

measures of local dietary habits. Serum samples were stored at the International Agency 

for Research on Cancer (IARC) at -196⁰C under liquid nitrogen for all countries except 

Denmark (-150⁰C, nitrogen vapor). Written informed consent was provided by all study 

participants. Ethical approval for the EPIC study was obtained from the review boards of 

the IARC and local participating centers. 

 

Cancer incidence follow-up 

Incident cancer cases were determined through record linkage with regional 

cancer registries (Denmark, Italy, the Netherlands, Spain, Sweden, and the United 

Kingdom) or through a combination of methods including the use of health insurance 
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records, contacts with cancer and pathology registries, and active follow-up through 

study subjects and their next-of-kin (France, Germany, Greece; complete up to June 

2010).  

 

Vital status follow-up 

Vital status follow up was determined through record linkage with regional and/or 

national mortality registries (Italy, the Netherlands, Spain, the United Kingdom, Sweden, 

Denmark, and Norway) or active follow-up (France, Germany, and Greece). Censoring 

dates for complete follow-up varied amongst countries but were between December 2006 

and June 2010 for Germany, Greece, and France and between December 2006 and 

December 2008 for the remaining countries. Mortality was coded using the 10th Revision 

of the International Classification of Diseases, Injuries, and Causes of Death (ICD-10) 

and the outcome was assigned based on underlying cause of death.  

 

Case ascertainment and selection 

Cancer data was coded using the tenth Revision of the International Classification 

of Diseases and the second revision of the International Classification of Disease for 

Oncology. CRC cases were selected from participants who developed colon (C18.0-

C18.7), rectum (C19-C20), and overlapping or unspecified origin tumors (C18.8-C18.9). 

Anal cancers (C21) were excluded. CRC is defined as colon and rectal cancer cases. Case 

exclusions included 56 missing biomarker measurements due to insufficient availability 

of bio-sample, 4 missing date of death, and 11 diagnosed with CRC after date of 

censoring, resulting in 1,021 CRC cases. The present analysis is based on participant data 
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from all centers except for Norway (blood samples only recently collected; few CRCs 

diagnosed after blood donation) and Sweden (no available serum samples). Individuals 

who were eligible for the study were selected from the general population of a specific 

geographical area, town, or province. Exceptions included the French sub-cohort, which 

is based on members of the health insurance system or state-school employees, and the 

Utrecht (Netherlands) sub-cohort, which is based on women who underwent screening 

for breast cancer. 

 

Selenium and Selenoprotein P measurements 

Information regarding collection and measurement of Se and SePP has been 

previously published [34]. Briefly, Se concentrations were measured from 20µL sample 

of blood serum and total levels were quantified using X-ray fluorescence (TXRF 

spectrometer). SePP concentrations were measured from 20µL blood serum samples and 

quantified by conducting an immunoluminometric sandwich assay (SelenotestTM). All 

sample measurements were conducted twice and mean concentration values were 

calculated and reported. Duplicate samples of known Se and SePP concentrations were 

used to account for intra-assay variability in each analysis. The coefficient of variation 

for control 1 was 7.3% (SePP: 1.5 mg/L) and 7.2% for control 2 (SePP: 8.6 mg/L).  

 

Covariates 

Several covariates were determined a priori and included in the statistical 

analyses. The following covariates were included in the analysis of Se, SePP and CRC 

survival: age at diagnosis, sex, stage, grade of tumor differentiation (well, moderately, 
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poorly differentiated, unknown), location of primary tumor (colon or rectum), smoking 

status (never smoker, former smoker, current smoker), BMI (kg/m2), physical activity 

(combined recreational and household activity; expressed as sex-specific categories of 

metabolic equivalents), year of diagnosis and diabetes status. These variables were 

chosen based on evidence from the literature showing their association with CRC 

survival. Information regarding categorization and harmonization of tumor stage data has 

been previously published [34]. In short, a four-stage classification was used including 

localized, metastatic, metastatic regional and metastatic distant. Confounding assessment 

was conducted by evaluating if there was a sizeable change (> 10%) in hazard ratios 

(HR) after including the variable in the model.  

 

Statistical Analyses 

Death from CRC was the primary endpoint and death from any cause was used as 

a secondary endpoint. Age of first tumor diagnosis and age at death or censor were used 

as the two-time interval points for patient follow-up time. Separate categories were 

created for categorical variables with missing values, and sex-specific median values 

were used for continuous variables with missing values. To evaluate the association 

between Se and SePP and CRC-death and all-cause mortality, a Cox proportional hazards 

model stratified by country of cancer diagnosis and adjusted for sex, stage of tumor, 

grade of differentiation, smoking status, location of tumor, year of diagnosis, age of 

diagnosis, physical activity, alcohol, and diabetes was used to calculate the hazard ratio 

(HR) and 95% confidence interval (CI). The proportional hazards assumption was 

graphically assessed by estimating “log-log” survival curves and checked for parallelism. 
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In addition, the proportional hazards assumption was verified using goodness of fit test 

methods. Correlations between Schoenfeld residuals and time dependent variables in the 

Cox model were evaluated to test for any violations of the proportional hazards 

assumptions. Ptrend was calculated with the median value of each Se and SePP quintile as 

a continuous variable and adjusted for variables in the corresponding models. For the 

purposes of this analysis, the exposure was examined as follows: Se and SePP quintiles, 

per 22.38 µg/L (1 standard deviation) increase of Se and per 0.97 mg/L (1 standard 

deviation) increase of SePP, and predefined categories of Se (≤ 54, 54 - 140, >140 µg/L, 

and ≤ 106, 106 - 170, >170 µg/L; ref 25). In addition, analyses were also run separately 

for CRC specific and overall mortality by anatomical sub-sites of colon and rectum, and 

for men and women separately. 

The effect of incomplete tumor stage information on effect estimates was assessed 

using several approaches. The first approach reclassified missing tumor stage values into 

a separate missing category and adjusted for the stage variable in the final model 

(included in the primary analysis). Second, a sensitivity analysis was conducted by 

excluding incomplete stage information and subsequently by assessing how the results 

were affected by the missing stage information. Finally, an imputation of missing stage 

values was conducted using the SAS PROC MI procedure [50]. The multiple imputation 

method was based on available data for the other covariates in the model and assumed 

that the stage data was missing at random.  

We investigated the possibly non-linear relationship between Se, SePP and the 

HRs non-parametrically with restricted cubic splines [51, 52] fitted to a Cox proportional 

hazards model using the SAS macro “lgtphcurv9” [53]. Tests for non-linearity used the 
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likelihood ratio test, comparing the model with only the linear term to the model with the 

linear and cubic spline terms [53]. P-values of nonlinearity test from these models with 5 

knots was 0.53 for Se and 0.10 for SePP, indicating a possible linear relationship, and 

thus linear spline analysis is presented (Supplementary Figure 1 and 2). 

Subgroup analyses by categories of potentially biologically relevant effect 

modifiers (follow up, sex, age at diagnosis, site, grade, tumor stage, year of diagnosis, 

smoking status, BMI, physical activity, and alcohol) were conducted. Adjusted HRs and 

95% CI were reported for a 22.4 µg/L and 0.97 mg/L increment in Se and SePP 

respectively. A cross product of Se and SePP as a continuous variable and the covariate 

of interest as a continuous or dichotomous variable was included in the model to test for 

statistical interaction. Likelihood ratios based on models with and without the interaction 

terms were used to test for statistical significance. All statistical tests were conducted 

using SAS version 9.2 (SAS Institute) and p-values of < 0.05 were considered 

statistically significant. A sensitivity analysis of Se and SePP quintiles and CRC specific 

and overall mortality was conducted by including complete CRC stage data or imputed 

stage data in the model (Supplementary table 7). 
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RESULTS 

 

Characteristics of study participants 

The distribution of selected baseline characteristics of CRC cases according to 

quintiles of serum Se and SePP are shown in Table 1 and Table 2, respectively. Among 

1,021 eligible cases, there were 450 deaths (deaths from CRC = 375, other malignant 

neoplasms = 35, disease of the blood = 4, endocrine disorder = 1, mental disorders = 2, 

nervous system disorder = 1, cardiovascular disorders = 20, respiratory disorders = 3, 

gastrointestinal disorders = 3, kidney disease = 1, abnormal clinical findings = 2, injury = 

1, and suicide = 1 ). Two observations were excluded from Se analysis (N = 1,019) and 5 

observations were excluded from SePP analysis (N = 1,016) due to missing values. Mean 

follow up time was 65 months (SD = 44 months) and Se and SePP concentrations were 

measured on average of 44 months (SD = 25) before CRC diagnosis.  

 

Selenium and mortality among colorectal cancer patients 

The results of age-adjusted and multivariable adjusted Cox proportional hazard 

models for the association of Se and CRC cancer and all-cause mortality are shown in 

Table 3. Higher levels of Se were not associated with a statistically significant reduction 

in overall mortality or CRC mortality. For CRC mortality, the multivariable adjusted HR 

for the fifth quintile versus the first quintile was 0.76 (95% CI: 0.52 – 1.11, Ptrend = 0.10). 

Similar results were obtained in analyses that were restricted to complete CRC stage data 

for CRC mortality: HR for the fifth quintile versus the first quintile was 0.83 (95% CI: 

0.56 – 1.24, Ptrend = 0.21). There also was a non-significant inverse association between 

Se and overall mortality: HR for the fifth quintile versus the first quintile was 0.82 (95% 
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CI: 0.56 – 1.16, Ptrend = 0.14). A similar association was observed between Se and CRC 

mortality using pre-defined cutpoints where the HR for the fifth quintile versus the first 

quintile was 0.74 (95% CI: 0.28 – 1.98, Ptrend = 0.71), and Se and overall mortality where 

the HR for the fifth quintile versus the first quintile was 0.57 (95% CI: 0.23 – 1.39, Ptrend 

= 0.31). Similar results were obtained for pre-defined cutpoints (Table 6) and by tumor 

site (Supplementary table 10). A similar association was found by sex: HR for the fifth 

quintile versus the first quintile for men was 0.60 (95% CI: 0.35 – 1.01, Ptrend = 0.07) and 

HR for the fifth quintile versus the first quintile for women was 0.84 (95% CI: 0.46 – 

1.53, Ptrend = 0.60) (Supplementary table 8).  

 

Selenoprotein P and mortality among colorectal cancer patients 

The results of age-adjusted and multivariable adjusted Cox proportional hazard 

models for the association of SePP and CRC cancer and all-cause mortality are shown in 

Table 3. Higher levels of SePP were not associated with a statistically significant 

reduction in CRC mortality: HR for the fifth quintile versus the first quintile was 0.83 

(95% CI: 0.57 – 1.19, Ptrend = 0.33). However, higher levels of SePP were associated with 

a statistically significant reduction in overall mortality: HR for the fifth quintile versus 

the first quintile was 0.70 (95% CI: 0.50 – 0.98, Ptrend = 0.05). Similar results were 

obtained in imputed CRC stage data analyses for overall mortality: HR for the fifth 

quintile versus the first quintile was 0.69 (95% CI: 0.50 – 0.94, Ptrend = 0.03). Similar 

results were also obtained for pre-defined cutpoints (Table 6), by tumor site 

(Supplementary table 11) and sex (Supplementary table 9).    
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Effect modifications and sensitivity analyses 

Possible interactions across strata of potential effect modifiers related to survival 

showed that the inverse association between Se and SePP and CRC and overall mortality 

was unchanged. No statistically significant interactions were observed between Se, SePP 

and potential effect modifiers for CRC-specific and overall mortality, across 

subcategories (Table 4 and 5). Sensitivity analyses were conducted for missing stage data 

and complete stage data or imputed stage data was included. There was no considerable 

change in the estimates for the association between Se, SePP and CRC mortality. 

Complete CRC stage data sensitivity analyses suggested a stronger effect for the 

association between Se and overall mortality: HR was 0.89 (95% CI: 0.80 – 0.99, Ptrend = 

0.03).  
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DISCUSSION 

 

This study is the first and largest prospective analysis of the association of pre-

diagnostic serum Se status biomarkers (total serum Se levels and SePP protein 

concentrations) with mortality among CRC patients. The results of this study suggest that 

higher pre-diagnostic total serum Se levels and SePP protein concentrations may be 

associated with lower mortality among patients with CRC in Western Europe; however 

most effect estimates were statistically non-significant.  This indicates that Se 

intake/status might be a potential factor affecting survival in CRC patients, particularly 

from a population with low Se status, such as in Europe [25].  

The exact biological mechanism of Se and SePP function in relation to cancer 

survival has eluded researchers, however, the micronutrient has been shown to be 

involved in oxidative stress pathways and the defense system [54]. Selenoproteins have 

important enzymic functions and are commonly used as biomarkers of functional Se [26, 

27]. These proteins have functions include modifying inflammation, protecting DNA 

from damage from oxygen radicals, and preventing the malignant transformation of 

normal cells into activating oncogenes [55]. Several mechanisms have been suggested for 

Se anticarcinogenesis including cell cycle regulation, apoptosis, immune surveillance and 

angiogenesis [56]. Anticarcinogenic properties of Se and its role in cellular defense 

makes this micronutrient a relevant candidate for cancer research, although further 

evidence is needed to establish biological plausibility [39]. 

To our knowledge, there have been no previous studies on Se, SePP and CRC 

survival, and evidence observing the association between Se and cancer survival is 

limited. At least two studies have been reported among breast cancer and renal cancer 
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patients. A study of 3,146 women diagnosed with invasive breast cancer in the Swedish 

Mammography Cohort, a population with low intakes of Se, reported an inverse 

association between dietary Se intake and breast cancer mortality with a HR of 0.64 (95% 

CI: 0.48 – 0.84) among women in the highest Se quartile as compared to women in the 

lowest Se quartile [36]. A small study of 62 renal cancer patients in Germany suggested 

that lower Se and SePP concentrations correlated with higher tumor grade and tumor 

stage at diagnosis [35]. Few studies have also reported the association between post-

diagnosis Se supplementation and cancer survival. A study of the Health Professionals 

Follow-Up study found that Se supplementation of 140 or more µg/day after diagnosis of 

non-metastatic prostate cancer, may increase the risk of prostate cancer mortality: HR of 

140 or more µg/day of Se supplementation after diagnosis as compared to nonusers was 

2.60 (95% CI: 1.44 – 4.70) [27].  

There are several potential explanations for the findings in this study including the 

possibility that higher Se levels do not meaningfully affect survival in CRC subjects. A 

U-shape between Se status and cancer has been proposed with those with low Se levels 

benefiting from supplementation [57]. Therefore, higher Se levels may not necessarily 

imply a greater protective effect. Nonetheless, the various metabolic pathways and role of 

Se in humans needs to be further explored.  

Strengths of this study include the large prospective design and the measurement 

of both serum Se and SePP, a biomarker of functional Se. Samples were measured in 

duplicate for more accurate measurements. In addition, the European population reflected 

a group of people with known Se deficiencies, making this population a viable candidate 

for this type of analysis. Furthermore, we assessed for multiple potential confounders, 
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accounting for missing values for stage of cancer through various techniques including 

sensitivity analyses and imputation techniques.  

Nonetheless, this study is not without limitations. An important limitation was the 

lack of CRC treatment data and to address this issue, we conducted our analyses by 

stratifying on country of CRC diagnosis, adjusting for year of diagnosis, and adjusting for 

tumor stage as a proxy for treatment. We further estimated the effect of missing CRC 

stage data using multiple validated approaches. As with other observational studies, there 

is the possibility for residual confounding despite controlling for relevant covariates. 

Finally, due to geographical differences in Se content, results from this type of study may 

be difficult to generalize to a population with sufficient Se levels.  

In summary, the findings from this study suggest a statistically non-significant 

inverse association between total Se and overall and CRC specific mortality among CRC 

patients in a population that is historically Se deficient. Our results also suggest an 

inverse association between SePP levels and overall mortality, although further research 

is necessary to validate these findings in different populations and continue to understand 

the mechanism of action of Se and SePP in relation to survival among patients with CRC.   



26 
 

 
 
 

 

CHAPTER III 

 
 

Public Health Significance 

 

The literature suggests that the information about CRC incidence and risk has 

been well researched but gaps in the association between micronutrients and cancer 

survival still exist. This study is among the first studies to analyze the association 

between pre-diagnostic Se and SePP levels and CRC-specific and overall mortality. 

Previous studies have focused on the association between Se and other cancers, including 

breast, prostate, and renal cancers. This study aims to further understand the role of 

micronutrients and CRC survival and what implications that may have on diagnosis and 

treatment of this disease and improved lifestyle and dietary recommendations for cancer 

survivors.     

 

 

Future Directions 

 

As researchers continue to understand the relationship between Se and cancer 

survival, future studies should further explore the role of Se supplementation and cancer 

prognosis, specifically in Se deficient populations. Studies have published differences in 

CRC risk with selenium deficiencies and supplementation, and thus this would be an 

interesting area of research to further explore for CRC survivorship. Finally, expanding 

this research to analyze survival in populations with varying levels of Se may help 

understand the biological role of Se and selenoproteins in the progression of CRC.  
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Table 1. Characteristics of colorectal cancer cases in the EPIC cohort study categorized by dietary Selenium quintiles (N = 1,019)   

  Selenium 

 
Quintile 1 

≤ 67 µg/L 

Quintile 2 

67 - 77 µg/L 

Quintile 3 

77 - 87.7 µg/L 

Quintile 4 

87.7 - 99.8 µg/L 

Quintile 5 

> 99.8 µg/L 

Characteristic (N= 205) (N= 204) (N= 203) (N= 204) (N= 203) 

Selenium (µg/L), mean (SD)  55.8 (9.2)  72.3 (2.9) 82.3 (2.9) 94.0 (3.5) 115.5 (19.0) 

Age at diagnosis (years), mean (SD) 62.7 (7.9) 61.8 (7.1) 62.3 (7.0) 61.9 (7.5) 62.9 (7.0) 

BMI (kg/m2), mean (SD)  26.6 (4.4) 26.6 ( 4.1) 26.8 (4.5) 27.0 (4.5) 26.8 (4.1) 

Women, N (%) 116 (56.6) 116 (56.9) 100 (49.3) 97 (47.6) 89 (43.8) 

Location of primary tumor, N (%)      

Colon 142 (69.3) 135 (66.2) 122 (60.1) 105 (51.5) 127 (62.6) 

Rectum 63 (30.7) 69 (33.8) 81 (39.9) 99 (48.5) 76 (37.4) 

Stage of tumor, N(%)       

I 33 (16.0) 55 (27.0) 41 (20.2) 43 (21.1) 35 (17.2) 

II 51 (24.9) 36 (17.7) 43 (21.2) 44 (21.6) 44 (21.7) 

III 67 (32.7) 54 (26.5) 68 (33.5) 68 (33.3) 80 (39.4) 

IV 25 (12.2) 32 (15.7) 25 (12.3) 25 (12.3) 20 (9.9) 

Unknown 29 (14.2) 27 (13.2) 26 (12.8) 24 (11.8) 24 (11.8) 

Tumor grade, N(%)      

Well-differentiated 15 (7.3) 7 (3.4) 17 (8.4) 12 (5.9) 7 (3.5) 

Moderately differentiated 75 (36.6) 79 (38.7) 57 (28.1) 52 (25.5) 36 (17.7) 

Poorly differentiated 20 (9.8) 11 (5.4) 14 (6.9) 17 (8.3) 10 (4.9) 

Unknown 95 (46.3) 107 (52.5) 115 (56.7) 123 (60.3) 150 (73.9) 

Smoking status, N(%)       

Never smoker 86 (42.0) 84 (41.2) 79 (38.9) 81 (39.7)  75 (37.0) 

Former smoker 61 (29.5) 63 (30.9) 68 (33.5) 72 (35.3) 76 (37.4) 

Current smoker 55 (26.6) 55 (27.0) 55 (27.1) 50 (24.5) 52 (25.6) 

Physical activity, N(%)      

Inactive 26 (12.7) 34 (16.7) 37 (18.2) 27 (13.2) 35 (17.2) 

Moderately inactive 64 (31.2) 54 (26.5) 59 (29.1) 62 (30.4) 64 (31.5) 

Moderately active 97 (47.3) 88 (43.1) 82 (40.4) 96 (47.1) 85 (41.9) 

Active 16 (7.8) 26 (12.8) 25 (12.3) 19 (9.3) 19 (9.4) 

Diabetes, N(%)      

No 158 (77.1) 157 (77.0) 173 (85.2) 157 (77.0) 153 (75.4) 

Yes 12 (5.9) 9 (4.4) 6 (3.0) 9 (4.4) 14 (6.9) 

Alcohol (grams/day),  mean (SD) 17.1 (24.7)  15.6 (19.6)     20.6 (24.2)      18.2 (21.0)         19.8 (21.8) 

All-cause mortality, N(%) 84 (41.0)  93 (45.6)     88 (43.4)      89 (43.6)         83 (40.9) 

Colorectal cancer mortality, N(%) 73 (35.6)  75 (36.8)     73 (36.0)      72 (35.3)         69 (34.0) 

NOTE: Missing values of categorical variables were classified as a separate category and missing values for continuous variables were coded with 

sex-specific median values: Smoking status (N = 7), physical activity (N = 4), diabetes (N = 171), alcohol (N = 2). Percentages may not add up to 

100% in each category due to the fact that missing values were not excluded from the frequency calculations. 
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Table 2.  Characteristics of colorectal cancer cases in the EPIC cohort study categorized by dietary Selenoprotein P quintiles (N = 1,016)  

  Selenoprotein P 

 
Quintile 1 

≤ 3.51 mg/L 

Quintile 2 

3.51 - 4.03 mg/L 

Quintile 3 

4.03 - 4.48 mg/L 

Quintile 4 

4.48 - 5.04 mg/L 

Quintile 5 

> 5.04 mg/L 

Characteristic (N= 204) (N= 203) (N= 204) (N= 202) (N= 203) 

Selenoprotein P (mg/L), mean (SD) 3.02 (0.4) 3.79 (0.2) 4.26 (0.1) 4.73 (0.2) 5.71 (0.6) 

Age at diagnosis (years), mean (SD) 61.7 (7.8) 62.6 (7.3) 62.2 (8.1) 62.0 (6.9) 63.0 (6.2) 

BMI (kg/m2), mean (SD)  26.3 (4.5) 26.7 (4.3) 26.7 (4.2) 26.8 (4.2) 27.3 (4.4) 

Women, N (%) 121 (59.3) 110 (54.2) 114 (55.9) 87 (43.1) 84 (41.4) 

Location of primary tumor, N (%)      

Colon 137 (67.2) 126 (62.1) 118 (57.8) 129 (63.9) 121 (59.6) 

Rectum 67 (32.8) 77 (37.9) 86 (42.2) 73 (36.1) 82 (40.4) 

Stage of tumor, N(%)       

I 38 (18.6) 46 (22.7) 42 (20.6) 42 (20.8) 36 (17.7) 

II 41 (20.1) 41 (20.2) 42 (20.6) 41 (20.3) 53 (26.1) 

III 58 (28.4) 70 (34.5) 72 (35.3) 66 (32.7) 72 (35.5) 

IV 33 (16.2) 17 (8.4) 24 (11.8) 30 (14.9) 24 (11.8) 

Unknown 34 (16.7) 29 (14.3) 24 (11.8) 23 (11.4) 18 (8.9) 

Tumor grade, N(%)      

Well-differentiated 11 (5.4) 13 (6.4) 12 (5.9) 14 (6.9) 9 (4.4) 

Moderately differentiated 70 (34.3) 71 (35.0) 66 (32.4) 51 (25.3) 39 (19.2) 

Poorly differentiated 16 (7.8) 17 (8.4) 14 (6.9) 17 (8.4) 8 (3.9) 

Unknown 107 (52.5) 102 (50.3) 112 (54.9) 120 (59.4) 147 (72.4) 

Smoking status, N(%)       

Never smoker 87 (42.7) 88 (43.4) 80 (39.2)  74 (36.6)  74 (36.5) 

Former smoker 56 (27.5) 65 (32.0) 76 (37.3) 73 (36.1) 70 (34.5) 

Current smoker 60 (29.4) 46 (22.7) 47 (23.0) 54 (26.7) 59 (29.1) 

Physical activity, N(%)      

Inactive 24 (11.8) 38 (18.7) 31 (15.2) 35 (17.3) 32 (15.8) 

Moderately inactive 70 (34.3) 69 (34.0) 47 (23.0) 56 (27.7) 61 (30.1) 

Moderately active 92 (45.1) 76 (37.4) 101 (49.5) 91 (45.1) 85 (41.9) 

Active 16 (7.8) 20 (9.9) 24 (11.8) 19 (9.4) 25 (12.3) 

Diabetes, N(%)      

No 165 (80.9) 156 (77.0) 154 (75.5) 159 (78.7) 162 (79.8) 

Yes 7 (3.4) 8 (4.0) 11 (5.4) 13 (6.4) 11 (5.4) 

Alcohol (grams/day),  mean (SD) 18.1 (24.8)  17.7 (22.0)     15.7 (20.1)      19.2 (23.0)         20.9 (21.5) 

All-cause mortality, N(%) 99 (48.5)  79 (38.9)     84 (41.2)      85 (42.1)         89 (43.8) 

Colorectal cancer mortality, N(%) 83 (40.7)  65 (32.0)     67 (32.8)      67 (33.2)         80 (39.4) 

NOTE: Missing values of categorical variables were classified as a separate category and missing values for continuous variables were coded with 

sex-specific median values: Smoking status (N = 7), physical activity (N = 4), diabetes (N = 170), alcohol (N = 2). Percentages may not add up to 

100% in each category due to the fact that missing values were not excluded from the frequency calculations. 
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Table 3.  HRs and 95% CIs for overall mortality and CRC mortality based on quintiles of pre-diagnostic Selenium (N = 1,019) and Selenoprotein P  

(N = 1,016) levels in the EPIC cohort 

 Selenium  Selenoprotein P 

 Event/Total µg/L HR (95% CI)  Event/Total  mg/L HR (95% CI) 

Overall mortality        

Age Adjustedb        

Quintile 1 84/205 ≤ 67 1.00 (ref.)  99/204 ≤ 3.51 1.00 (ref.) 

Quintile 2 93/204 67 - 77 1.16 (0.85, 1.58)  79/203 3.51 - 4.03 0.75 (0.55, 1.03) 

Quintile 3 88/203 77 - 87.7 0.96 (0.70, 1.31)   84/204 4.03 - 4.48 0.78 (0.57, 1.06)  

Quintile 4 89/204 87.7 - 99.8 1.02 (0.74, 1.40)   85/202 4.48 - 5.04 0.80 (0.58, 1.08)  

Quintile 5 83/203 > 99.8 0.83 (0.60, 1.15)   89/203 > 5.04 0.73 (0.53, 0.99)  

Ptrend
a   0.15    0.10 

Multivariable Adjustedc        

Quintile 1 84/205 ≤ 67 1.00 (ref.)  99/204 ≤ 3.51 1.00 (ref.) 

Quintile 2 93/204 67 - 77 1.12 (0.87, 1.66)   79/203 3.51 - 4.03 0.81 (0.58, 1.13)  

Quintile 3 88/203 77 - 87.7 1.11 (0.79, 1.52)   84/204 4.03 - 4.48 0.79 (0.57, 1.10)  

Quintile 4 89/204 87.7 - 99.8 1.08 (0.77, 1.50)   85/202 4.48 - 5.04 0.76 (0.55, 1.06)  

Quintile 5 83/203 > 99.8 0.82 (0.56, 1.16)   89/203 > 5.04 0.70 (0.50, 0.98)  

Ptrend
a   0.14    0.05 

        

CRC mortality        

Age Adjustedb        

Quintile 1 73/205 ≤ 67 1.00 (ref.)  83/204 ≤ 3.51 1.00 (ref.) 

Quintile 2 75/204 67 - 77 1.04 (0.74, 1.46)   65/203 3.51 - 4.03 0.77 (0.54, 1.09) 

Quintile 3 73/203 77 - 87.7 0.89 (0.63, 1.26)   67/204 4.03 - 4.48 0.76 (0.54, 1.07)  

Quintile 4 72/204 87.7 - 99.8 0.92 (0.65, 1.31)    67/202 4.48 - 5.04 0.78 (0.55, 1.10)  

Quintile 5 69/203 > 99.8 0.75 (0.52, 1.07)   80/203 > 5.04 0.81 (0.58, 1.13)  

Ptrend
a   0.08    0.31 

Multivariable Adjustedc        

Quintile 1 73/205 ≤ 67 1.00 (ref.)  83/204 ≤ 3.51 1.00 (ref.) 

Quintile 2 75/204 67 - 77 1.07 (0.74, 1.54)   65/203 3.51 - 4.03 0.84 (0.58, 1.21)  

Quintile 3 73/203 77 - 87.7 1.05 (0.73, 1.50)   67/204 4.03 - 4.48 0.79 (0.54, 1.14)  

Quintile 4 72/204 87.7 - 99.8 0.98 (0.67, 1.42)   67/202 4.48 - 5.04 0.76 (0.52, 1.11)  

Quintile 5 69/203 > 99.8 0.76 (0.52, 1.11)   80/203 > 5.04 0.83 (0.57, 1.19)  

Ptrend
a   0.10    0.33 

aPtrend was calculated using the median value of each Se or SePP quintile as a continuous variable, adjusted for variables in the corresponding models. 
badjusted for age and stratified on  country 
cadjusted for age, sex, stage, grade, smoking status, BMI, site of primary tumor, year of diagnosis, sex-specific physical activity, diabetes and alcohol, and 

stratified on  country 
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Table 4. Adjusted HRs and 95% CIs for an increment of 22.38 µg/L of Selenium for CRC and overall mortality across 

strata of effect modifiers 

 CRC mortality  Overall mortality 

Risk Factor 
Event/ 

Total 

Multivariablea  

HR (95% CI) 

Ptrend
b
 or 

interaction 
 

Event/ 

Total 

Multivariablea  

HR (95% CI) 

Ptrend
b
 or 

interaction 

        

All participants 362/1019 0.89 (0.80, 1.00) 0.06b  437/1019 0.90 (0.81, 1.00) 0.04b 
Sensitivity analyses        

Complete CRC stage data 328/889 0.90 (0.80, 1.02) 0.10b  390/889 0.89 (0.80, 0.99) 0.03b 

Imputed CRC stage data 362/1019 0.90 (0.81, 1.01) 0.07b  437/1019 0.90 (0.82, 1.00) 0.04b 
Complete diabetes data 296/848 0.91 (0.79, 1.03) 0.14b  350/848 0.90 (0.80, 1.02) 0.09b 

Follow-up (years)        

≥ 2  274/784 0.91 (0.79, 1.04) 0.88b  332/784 0.91 (0.80, 1.02) 0.70b 
≥ 3  213/628 0.93 (0.79, 1.09) 0.74b  257/628 0.93 (0.80, 1.08)  0.79b 

≥ 4  150/473 0.97 (0.79, 1.20) 0.69b  187/473 0.92 (0.76, 1.11) 1.00b 

Sex        
Women 180/518 0.91 (0.76, 1.08) 0.45  226/518 0.93 (0.79, 1.09) 0.31 

Men 182/501 0.85 (0.71, 1.01)   211/501 0.85 (0.73, 0.99)  

Age at diagnosis (years)        
< 62.5 165/509 0.90 (0.74, 1.09) 0.20  190/509 0. 92 (0.77, 1.10) 0.09 

≥ 62.5 197/510 0.81 (0.69, 0.95)   247/510 0. 81 (0.70, 0.93)  

Site        
Colon 223/631 0.84 (0.72, 0.99) 0.91  270/631 0.88 (0.76, 1.00) 1.00 

Rectum 139/388 0.95 (0.77, 1.16)   167/388 0.95 (0.79, 1.14)  

Grade c        
Well or moderately 

differentiated                                          

92/357 1.06 (0.79, 1.44) 0.24  108/357 1.12 (0.86, 1.46) 0.26 

Poorly differentiated 34/72 1.16 (0.47, 2.85)   41/72 1.04 (0.47, 2.27)  

Stage c        

I-III 225/762 0.97 (0.84, 1.11) 0.62 b  279/762 0.96 (0.85, 1.09) 0.52 b 
Stage c        

I-II 62/425 1.16 (0.88, 1.53) 0.10  88/425 1.13 (0.90, 1.42) 0.07 

III-IV 266/464 0.82 (0.71, 0.94)   302/464 0.82 (0.72, 0.93)  
Year of diagnosis        

1993-1999 157/428 0.87 (0.72, 1.05) 0.66  189/428 0.91 (0.78, 1.05) 0.26 

1999-2003 205/591 0.89 (0.74, 1.06)   248/591 0.86 (0.73, 1.01)  
Smoking Status c         

Never smoker 135/405 0.84 (0.65, 1.09) 0.97  161/405 0.90 (0.72, 1.13) 0.27 

Former smoker 122/340 0.95 (0.74, 1.21)   144/340 0.98 (0.79, 1.22)  
Current smoker 102/267 0.82 (0.66, 1.01)   128/267 0.81 (0.67, 0.98)  

BMI (kg/m2)        

< 25 129/372 0.90 (0.72, 1.13) 1.00  153/372 0.90 (0.74, 1.10) 1.00 
25-30 159/462 0.85 (0.70, 1.03)   189/462 0.83 (0.70, 0.98)  

≥ 30 74/185 0.88 (0.63, 1.22)   95/185 0.92 (0.68, 1.23)  

Physical Activity c        
Inactive 57/159 0.77 (0.52, 1.15) 0.10  66/159 0.80 (0.56, 1.16) 0.29 

Moderately inactive 107/303 1.01 (0.76, 1.35)   130/303 0.97 (0.77, 1.22)  

Moderately active or 
 active 

196/553 0.84 (0.72, 0.99)   239/553 0.89 (0.77, 1.02 )  

Alcohol (grams/day)        

< 10.3 174/508 0.88 (0.72, 1.09) 0.94  217/508 0.89 (0.74, 1.07) 0.68 
≥ 10.3 188/511 0.87 (0.73, 1.02)   220/511 0.89 (0.77, 1.03)  

aadjusted for age of diagnosis, sex, stage, grade, smoking status, BMI, site of primary tumor, year of diagnosis, sex-specific 

physical activity, diabetes and alcohol, and stratified on country where appropriate. 
bPtrend 
cMissing data was not included in the analysis. 
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Table 5. Adjusted HRs and 95% CIs for an increment of 0.97 mg/L of Selenoprotein P for CRC and overall mortality 

across strata of effect modifiers 

 CRC mortality  Overall mortality 

Risk Factor 
Event/ 

Total 

Multivariablea  

HR (95% CI) 

Ptrend
b
 or 

interaction 
 

Event/ 

Total 

Multivariablea  

HR (95% CI) 

Ptrend
b
 or 

interaction 

        

All participants 362/1016 0.98 (0.87, 1.11) 0.79b  436/1016 0.94 (0.85, 1.05) 0.27b 

Sensitivity analyses        

Complete CRC stage data 328/888 1.02 (0.90, 1.15) 0.81b  390/888 0.93 (0.83, 1.05) 0.25b 
Imputed CRC stage data 296/846 0.95 (0.85, 1.07) 0.39b  349/846 0.92 (0.83, 1.02) 0.10b 

Complete diabetes data 296/846 0.98 (0.86, 1.12) 0.80b  349/846 0.93 (0.82, 1.05) 0.24b 

Follow-up (years)        
≥ 2  274/782 1.01 (0.88, 1.16) 0.51b  331/782 0.96 (0.85, 1.09) 0.52b 

≥ 3  213/627 0.99 (0.84, 1.16) 0.56b  256/627 0.97 (0.84, 1.12)  0.88b 

≥ 4  150/473 1.14 (0.94, 1.38) 0.48b  186/473 1.03 (0.86, 1.23) 0.76b 
Sex        

Women 180/516 0.96 (0.80, 1.16) 0.97  211/516 0.95 (0.80, 1.13) 0.52 

Men 182/500 0.98 (0.82, 1.16)   225/500 0.91 (0.78, 1.06)  
Age at diagnosis (years)        

< 62.5 166/509 0.86 (0.71, 1.04) 0.89  191/509 0. 88 (0.74 , 1.05) 0.23 

≥ 62.5 196/507 1.01 (0.86, 1.19)   245/507 0. 90 (0.78 , 1.04)  
Site        

Colon 223/631 0.99 (0.85, 1.16) 0.42  269/631 0.98 (0.85, 1.12) 0.25 

Rectum 139/385 1.00 (0.79, 1.23)   167/385 0.86 (0.72, 1.09)  
Grade c        

Well or moderately 

differentiated                                          

91/356 
1.10 (0.82, 1.48) 0.69  

107/356 
1.08 (0.83, 1.40) 0.74 

Poorly differentiated 34/72 0.84 (0.28, 2.55)   41/72 0.90 (0.31, 2.63)  

Stage c        

I-III 224/760 1.11 (0.95, 1.30) 0.22b  278/760 1.01 (0.88, 1.15) 0.91b 
Stage c        

I-II 61/422 1.20 (0.90, 1.61) 0.41  87/422 1.02 (0.80, 1.30) 0.71 

III-IV 267/466 0.95 (0.82, 1.09)   303/466 0.91 (0.79, 1.04)  
Year of diagnosis        

1993-1999 157/425 0.88 (0.72, 1.07) 0.30  189/425 0.85 (0.72, 1.01) 0.46 

1999-2003 205/591 1.08 (0.91, 1.28)   247/591 1.01 (0.86, 1.18)  
Smoking Status c         

Never smoker 135/403 0.97 (0.75, 1.25) 0.58  160/403 0.99 (0.79, 1.23) 0.13 

Former smoker 122/340 1.15 (0.92, 1.45)   144/340 1.06 (0.87, 1.31)  
Current smoker 102/266 0.86 (0.68, 1.09)   128/266 0.80 (0.65, 0.99)  

BMI (kg/m2)        

< 25 129/370 1.01 (0.79, 1.31) 1.00  152/370 0.98 (0.78, 1.24) 1.00 
25-30 159/461 0.97 (0.80, 1.17)   189/461 0.88 (0.74, 1.06)  

≥ 30 74/185 1.01 (0.69, 1.46)   95/185 0.98 (0.72, 1.34)  

Physical Activity c        
Inactive 57/160 0.87 (0.58, 1.30) 0.38  66/160 0.94 (0.66, 1.33) 0.34 

Moderately inactive 107/303 1.07 (0.81, 1.40)   130/303 0.94 (0.74, 1.19)  

Moderately active or 
 active 

196/549 0.97 (0.82, 1.16)   238/549 0.95 (0.81, 1.11)  

Alcohol (grams/day)        

< 10.3 174/506 0.98 (0.81, 1.19) 0.81  217/506 0.96 (0.81, 1.13) 0.62 
≥ 10.3 188/510 0.96 (0.81, 1.14)   219/510 0.92 (0.79, 1.08)  

aadjusted for age of diagnosis, sex, stage, grade, smoking status, BMI, site of primary tumor, year of diagnosis, sex-specific 

physical activity, diabetes and alcohol, and stratified on country where appropriate. 
bPtrend 
cMissing data was not included in the analysis. 
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Table 6.   HRs and 95% CIs for overall mortality and CRC mortality based on pre-specified Selenium cutpoints (N = 1,019) 

in the EPIC cohort. 

 Selenium  Selenium 

 Event/Total µg/L HR (95% CI)  Event/Total  µg/L HR (95% CI) 

Overall mortality        

Age Adjustedb        

Tertile 1 32/67 ≤ 54 1.00 (ref.)  383/883 ≤ 106 1.00 (ref.) 

Tertile 2 398/939 54 – 140 0.72 (0.48, 1.07)  52/132 106 – 170 0.72 (0.54, 0.97) 

Tertile 3 7/13 > 140 0.68 (0.29, 1.62)   2/4 > 170 1.08 (0.26, 4.48)  

Ptrend
a   0.13    0.09 

Multivariable Adjustedc        

Tertile 1 32/67 ≤ 54 1.00 (ref.)  383/883 ≤ 106 1.00 (ref.) 

Tertile 2 398/939 54 – 140 0.88 (0.58, 1.33)   52/132 106 – 170 0.72 (0.53, 0.97)  

Tertile 3 7/13 > 140 0.57 (0.23, 1.39)   2/4 > 170 0.88 (0.21, 3.73)  

Ptrend
a   0.31    0.07 

        

CRC mortality        

Age Adjustedb        

Tertile 1 26/67 ≤ 54 1.00 (ref.)  317/883 ≤ 106 1.00 (ref.) 

Tertile 2 330/939 54 – 140 0.79 (0.50, 1.24)   44/132 106 – 170 0.85 (0.56, 1.29) 

Tertile 3 6/13 > 140 0.90 (0.35, 2.31)   1/4 > 170 1.48 (1.39, 1.58)  

Ptrend
a   0.40    0.09 

Multivariable Adjustedc        

Tertile 1 26/67 ≤ 54 1.00 (ref.)  317/883 ≤ 106 1.00 (ref.) 

Tertile 2 330/939 54 – 140 0.97 (0.61, 1.55)   44/132 106 – 170 0.74 (0.53, 1.04)  

Tertile 3 6/13 > 140 0.74 (0.28, 1.98)   1/4 > 170 0.64 (0.09, 4.81)  

Ptrend
a   0.71    0.09 

aPtrend was calculated using the median value of each Se tertile as a continuous variable, adjusted for variables in the corresponding 

models. 
badjusted for age and stratified on country 
cadjusted for age, sex, stage, grade, smoking status, BMI, site of primary tumor, year of diagnosis, sex-specific physical activity, 

diabetes and alcohol, and stratified on country 



37 
 

 

Supplemental Figure 1. Linear spline analysis showing the relationship between serum 

selenium levels and HR for CRC specific mortality P-value for linearity = 0.06. 
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Supplemental Figure 2. Linear spline analysis showing the relationship between serum 

selenoprotein P levels and HR for CRC specific mortality P-value for linearity = 0.59. 
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Supplementary Table 7.  HRs and 95% CIs for overall mortality and CRC mortality based on quintiles of Selenium and Selenoprotein P for complete CRC 

stage data and imputed CRC stage data in the EPIC cohort 

 Selenium  Selenoprotein P 

 No. Event µg/L HR (95% CI)  No. Event mg/L HR (95% CI) 

Overall mortality          

Complete CRC stage datab          

Quintile 1 176 74 ≤ 67 1.00 (ref.)  170 84 ≤ 3.51 1.00 (ref.) 

Quintile 2 177 82 67 - 77 1.20 (0.85, 1.71)  174 72 3.51 - 4.03 0.84 (0.59, 1.20) 

Quintile 3 177 80 77 - 87.7 1.14 (0.81, 1.62)   180 77 4.03 - 4.48 0.82 (0.58, 1.16)  

Quintile 4 180 80 87.7 - 99.8 1.08 (0.76, 1.54)   179 75 4.48 - 5.04 0.73 (0.51, 1.04)  

Quintile 5 179 74 > 99.8 0.83 (0.58, 1.19)   185 82 > 5.04 0.73 (0.51, 1.03)  

Ptrend
a    0.16     0.07 

Imputed CRC stage datab          

Quintile 1 205 85 ≤ 67 1.00 (ref.)  204 99 ≤ 3.51 1.00 (ref.) 

Quintile 2 204 93 67 - 77 1.17 (0.85, 1.61)  203 79 3.51 - 4.03 0.78 (0.57, 1.08)  

Quintile 3 203 88 77 - 87.7 1.13 (0.82, 1.56)   204 84 4.03 - 4.48 0.82 (0.60, 1.12)  

Quintile 4 204 89 87.7 - 99.8 1.05 (0.76, 1.44)   202 85 4.48 - 5.04 0.74 (0.54, 1.01)  

Quintile 5 203 83 > 99.8 0.80 (0.58, 1.12)   203 89 > 5.04 0.69 (0.50, 0.94)  

Ptrend
a    0.08     0.03 

          

CRC mortality          

Complete CRC stage datab          

Quintile 1 176 84 ≤ 67 1.00 (ref.)  170 68 ≤ 3.51 1.00 (ref.) 

Quintile 2 177 93 67 - 77 1.13 (0.77, 1.67)   174 60 3.51 - 4.03 0.92 (0.62, 1.36) 

Quintile 3 177 88 77 - 87.7 1.08 (0.74, 1.59)   180 62 4.03 - 4.48 0.86 (0.58, 1.28)  

Quintile 4 180 89 87.7 - 99.8 0.98 (0.66, 1.46)    179 61 4.48 - 5.04 0.77 (0.51, 1.14)  

Quintile 5 179 83 > 99.8 0.83 (0.56, 1.24)   185 77 > 5.04 0.92 (0.63, 1.36)  

Ptrend
a    0.21     0.62 

Imputed CRC stage datab          

Quintile 1 205 73 ≤ 67 1.00 (ref.)  204 83 ≤ 3.51 1.00 (ref.) 

Quintile 2 204 75 67 - 77 1.05 (0.74, 1.49)   203 65 3.51 - 4.03 0.80 (0.56, 1.14)  

Quintile 3 203 73 77 - 87.7 1.07 (0.76, 1.53)   204 67 4.03 - 4.48 0.78 (0.55, 1.11)  

Quintile 4 204 72 87.7 - 99.8 0.95 (0.67, 1.36)   202 67 4.48 - 5.04 0.72 (0.51, 1.02)  

Quintile 5 203 69 > 99.8 0.76 (0.53, 1.88)   203 80 > 5.04 0.80 (0.56, 1.13)  

Ptrend
a    0.08     0.17 

aPtrend was calculated using the median value of each Se or SePP quintile as a continuous variable, adjusted for variables in the corresponding models. 
badjusted for age of diagnosis, sex, stage, grade, smoking status, BMI, site of primary tumor, year of diagnosis, sex-specific physical activity, diabetes and alcohol, and 

stratified on country 
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Table 8.  HRs and 95% CIs for overall mortality and CRC mortality based on quintiles of Selenium (N = 1,019) by sex in the EPIC cohort 

 Men (N = 501)  Women (N = 518) 

 Event/Total µg/L HR (95% CI)  Event/Total  µg/L HR (95% CI) 

Overall mortality        

Age Adjustedb        

Quintile 1 43/89 ≤ 67 1.00 (ref.)  41/116 ≤ 67 1.00 (ref.) 

Quintile 2 39/88 67 - 77 0.85 (0.54, 1.33)  54/116 67 - 77 1.37 (0.87, 2.13) 

Quintile 3 42/103 77 - 87.7 0.69 (0.43, 1.09)   46/100 77 - 87.7 1.25 (0.79, 1.96)  

Quintile 4 55/107 87.7 - 99.8 0.96 (0.62, 1.47)   34/97 87.7 - 99.8 0.99 (0.61, 1.62)  

Quintile 5 47/114 > 99.8 0.70 (0.45, 1.09)   36/89 > 99.8 0.91 (0.55, 1.50)  

Ptrend
a   0.25    0.38 

Multivariable Adjustedc        

Quintile 1 43/89 ≤ 67 1.00 (ref.)  41/116 ≤ 67 1.00 (ref.) 

Quintile 2 39/88 67 - 77 0.94 (0.58, 1.53)   54/116 67 - 77 1.36 (0.83, 2.22)  

Quintile 3 42/103 77 - 87.7 0.77 (0.47, 1.25)   46/100 77 - 87.7 1.32 (0.81, 2.15)  

Quintile 4 55/107 87.7 - 99.8 0.93 (0.58, 1.48)   34/97 87.7 - 99.8 1.30 (0.75, 2.24)  

Quintile 5 47/114 > 99.8 0.64 (0.40, 1.04)   36/89 > 99.8 0.98 (0.57, 1.67)  

Ptrend
a   0.09    0.75 

        

CRC mortality        

Age Adjustedb        

Quintile 1 38/89 ≤ 67 1.00 (ref.)  35/116 ≤ 67 1.00 (ref.) 

Quintile 2 28/88 67 - 77 0.69 (0.41, 1.15)   47/116 67 - 77 1.31 (0.80, 2.12) 

Quintile 3 34/103 77 - 87.7 0.62 (0.38, 1.02)   39/100 77 - 87.7 1.21 (0.74, 2.00)  

Quintile 4 41/107 87.7 - 99.8 0.77 (0.47, 1.24)    31/97 87.7 - 99.8 1.08 (0.64, 1.84)  

Quintile 5 41/114 > 99.8 0.62 (0.38, 1.01)   28/89 > 99.8 0.83 (0.47, 1.44)  

Ptrend
a   0.15    0.36 

Multivariable Adjustedc        

Quintile 1 38/89 ≤ 67 1.00 (ref.)  35/116 ≤ 67 1.00 (ref.) 

Quintile 2 28/88 67 - 77 0.76 (0.43, 1.34)   47/116 67 - 77 1.24 (0.73, 2.12)  

Quintile 3 34/103 77 - 87.7 0.74 (0.43, 1.27)   39/100 77 - 87.7 1.20 (0.70, 2.04)  

Quintile 4 41/107 87.7 - 99.8 0.72 (0.42, 1.23)   31/97 87.7 - 99.8 1.42 (0.78, 2.59)  

Quintile 5 41/114 > 99.8 0.60 (0.35, 1.01)   28/89 > 99.8 0.84 (0.46, 1.53)  

Ptrend
a   0.07    0.60 

aPtrend was calculated using the median value of each Se or SePP quintile as a continuous variable, adjusted for variables in the corresponding models. 
badjusted for age and stratified on  country 
cadjusted for age, sex, stage, grade, smoking status, BMI, site of primary tumor, year of diagnosis, sex-specific physical activity, diabetes and alcohol, 

and stratified on  country 
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Table 9.  HRs and 95% CIs for overall mortality and CRC mortality based on quintiles of  Selenoprotein P (N = 1,016) by sex in the EPIC 

cohort 

 Men (N = 500)  Women (N = 516) 

 Event/Total mg/L HR (95% CI)  Event/Total  mg/L HR (95% CI) 

Overall mortality        

Age Adjustedb        

Quintile 1 41/83 ≤ 3.51 1.00 (ref.)  58/121 ≤ 3.51 1.00 (ref.) 

Quintile 2 36/93 3.51 - 4.03 0.73 (0.45, 1.18)  43/110 3.51 - 4.03 0.78 (0.51, 1.21) 

Quintile 3 42/90 4.03 - 4.48 1.00 (0.63, 1.59)   42/114 4.03 - 4.48 0.60 (0.39, 0.95)  

Quintile 4 53/115 4.48 - 5.04 0.94 (0.60, 1.47)   32/87 4.48 - 5.04 0.69 (0.43, 1.10)  

Quintile 5 53/119 > 5.04 0.82 (0.53, 1.28)   36/84 > 5.04 0.58 (0.36, 0.94)  

Ptrend
a   0.67    0.02 

Multivariable Adjustedc        

Quintile 1 41/83 ≤ 3.51 1.00 (ref.)  58/121 ≤ 3.51 1.00 (ref.) 

Quintile 2 36/93 3.51 - 4.03 0.73 (0.43, 1.23)   43/110 3.51 - 4.03 0.88 (0.54, 1.44)  

Quintile 3 42/90 4.03 - 4.48 0.93 (0.56, 1.54)   42/114 4.03 - 4.48 0.68 (0.42, 1.12)  

Quintile 4 53/115 4.48 - 5.04 0.75 (0.46, 1.24)   32/87 4.48 - 5.04 0.76 (0.45, 1.29)  

Quintile 5 53/119 > 5.04 0.64 (0.40, 1.04)   36/84 > 5.04 0.75 (0.44, 1.29)  

Ptrend
a   0.10    0.25 

        

CRC mortality        

Age Adjustedb        

Quintile 1 34/89 ≤ 3.51 1.00 (ref.)  49/121 ≤ 3.51 1.00 (ref.) 

Quintile 2 27/88 3.51 - 4.03 0.72 (0.41, 1.25)   38/110 3.51 - 4.03 0.83 (0.52, 1.34) 

Quintile 3 32/103 4.03 - 4.48 0.91 (0.53, 1.55)   35/114 4.03 - 4.48 0.66 (0.40, 1.08)  

Quintile 4 41/107 4.48 - 5.04 0.92 (0.55, 1.52)    26/87 4.48 - 5.04 0.70 (0.41, 1.81)  

Quintile 5 48/114 > 5.04 0.93 (0.58, 1.52)   32/84 > 5.04 0.64 (0.38, 1.07)  

Ptrend
a   0.04    0.07 

Multivariable Adjustedc        

Quintile 1 34/89 ≤ 3.51 1.00 (ref.)  49/121 ≤ 3.51 1.00 (ref.) 

Quintile 2 27/88 3.51 - 4.03 0.70 (0.38, 1.28)   38/110 3.51 - 4.03 0.96 (0.56, 1.63)  

Quintile 3 32/103 4.03 - 4.48 0.76 (0.42, 1.37)   35/114 4.03 - 4.48 0.77 (0.45, 1.33)  

Quintile 4 41/107 4.48 - 5.04 0.69 (0.38, 1.23)   26/87 4.48 - 5.04 0.73 (0.41, 1.33)  

Quintile 5 48/114 > 5.04 0.74 (0.43, 1.27)   32/84 > 5.04 0.92 (0.51, 1.66)  

Ptrend
a   0.45    0.57 

aPtrend was calculated using the median value of each Se or SePP quintile as a continuous variable, adjusted for variables in the corresponding models. 
badjusted for age and stratified on  country 
cadjusted for age, sex, stage, grade, smoking status, BMI, site of primary tumor, year of diagnosis, sex-specific physical activity, diabetes and alcohol, 

and stratified on  country 
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Table 10.  HRs and 95% CIs for overall mortality and CRC mortality based on quintiles of Selenium (N = 1,019) by tumor site in the EPIC 

cohort 

 Colon (N = 631)  Rectum (N = 388) 

 Event/Total µg/L HR (95% CI)  Event/Total  µg/L HR (95% CI) 

Overall mortality        

Age Adjustedb        

Quintile 1 59/142 ≤ 67 1.00 (ref.)  25/63 ≤ 67 1.00 (ref.) 

Quintile 2 66/135 67 - 77 1.22 (0.84, 1.78)  27/69 67 - 77 1.03 (0.55, 1.94) 

Quintile 3 58/122 77 - 87.7 1.08 (0.73, 1.60)   30/81 77 - 87.7 0.91 (0.50, 1.67)  

Quintile 4 39/105 87.7 - 99.8 0.88 (0.57, 1.35)   50/99 87.7 - 99.8 1.28 (0.73, 2.24)  

Quintile 5 48/127 > 99.8 0.82 (0.55, 1.23)   35/76 > 99.8 0.97 (0.53, 1.80)  

Ptrend
a   0.25    0.79 

Multivariable Adjustedc        

Quintile 1 50/142 ≤ 67 1.00 (ref.)  25/63 ≤ 67 1.00 (ref.) 

Quintile 2 55/135 67 - 77 1.15 (0.77, 1.72)   27/69 67 - 77 1.32 (0.66, 2.65)  

Quintile 3 47/122 77 - 87.7 1.09 (0.72, 1.64)   30/81 77 - 87.7 1.29 (0.66, 2.53)  

Quintile 4 31/105 87.7 - 99.8 0.92 (0.58, 1.46)   50/99 87.7 - 99.8 1.39 (0.76, 2.56)  

Quintile 5 40/127 > 99.8 0.86 (0.55, 1.32)   35/76 > 99.8 0.89 (0.46, 1.74)  

Ptrend
a   0.28    0.58 

        

CRC mortality        

Age Adjustedb        

Quintile 1 50/142 ≤ 67 1.00 (ref.)  23/63 ≤ 67 1.00 (ref.) 

Quintile 2 55/135 67 - 77 1.16 (0.77, 1.76)   20/69 67 - 77 0.75 (0.37, 1.50) 

Quintile 3 47/122 77 - 87.7 1.00 (0.65, 1.54)   26/81 77 - 87.7 0.84 (0.45, 1.59)  

Quintile 4 31/105 87.7 - 99.8 0.79 (0.49, 1.28)    41/99 87.7 - 99.8 1.11 (0.61, 2.03)  

Quintile 5 40/127 > 99.8 0.72 (0.46, 1.31)   29/76 > 99.8 0.84 (0.44, 1.62)  

Ptrend
a   0.06    0.91 

Multivariable Adjustedc        

Quintile 1 50/142 ≤ 67 1.00 (ref.)  23/63 ≤ 67 1.00 (ref.) 

Quintile 2 55/135 67 - 77 1.01 (0.64, 1.59)   20/69 67 - 77 0.92 (0.42, 1.98)  

Quintile 3 47/122 77 - 87.7 0.99 (0.62, 1.58)   26/81 77 - 87.7 1.09 (0.53, 2.25)  

Quintile 4 31/105 87.7 - 99.8 0.82 (0.48, 1.40)   41/99 87.7 - 99.8 1.13 (0.58, 2.20)  

Quintile 5 40/127 > 99.8 0.72 (0.44, 1.18)   29/76 > 99.8 0.74 (0.36, 1.53)  

Ptrend
a   0.12    0.49 

aPtrend was calculated using the median value of each Se or SePP quintile as a continuous variable, adjusted for variables in the corresponding models. 
badjusted for age and stratified on  country 
cadjusted for age, sex, stage, grade, smoking status, BMI, site of primary tumor, year of diagnosis, sex-specific physical activity, diabetes and alcohol, 

and stratified on  country 
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Table 11.  HRs and 95% CIs for overall mortality and CRC mortality based on quintiles of  Selenoprotein P (N = 1,016) by tumor site in the 

EPIC cohort 

 Colon (N = 631)  Rectum (N = 385) 

 Event/Total mg/L HR (95% CI)  Event/Total  mg/L HR (95% CI) 

Overall mortality        

Age Adjustedb        

Quintile 1 63/137 ≤ 3.51 1.00 (ref.)  36/67 ≤ 3.51 1.00 (ref.) 

Quintile 2 50/126 3.51 - 4.03 0.80 (0.54, 1.21)  29/77 3.51 - 4.03 0.83 (0.48, 1.43) 

Quintile 3 52/118 4.03 - 4.48 0.95 (0.64, 1.41)   32/86 4.03 - 4.48 0.68 (0.39, 1.17)  

Quintile 4 53/129 4.48 - 5.04 0.86 (0.58, 1.28)   32/73 4.48 - 5.04 0.86 (0.50, 1.46)  

Quintile 5 51/121 > 5.04 0.80 (0.54, 1.19)   38/82 > 5.04 0.69 (0.41, 1.17)  

Ptrend
a   0.37    0.24 

Multivariable Adjustedc        

Quintile 1 63/137 ≤ 3.51 1.00 (ref.)  36/67 ≤ 3.51 1.00 (ref.) 

Quintile 2 50/126 3.51 - 4.03 0.92 (0.59, 1.43)   29/77 3.51 - 4.03 0.95 (0.52, 1.73)  

Quintile 3 52/118 4.03 - 4.48 0.86 (0.55, 1.33)   32/86 4.03 - 4.48 0.81 (0.45, 1.46)  

Quintile 4 53/129 4.48 - 5.04 0.88 (0.57, 1.35)   32/73 4.48 - 5.04 0.79 (0.43, 1.45)  

Quintile 5 51/121 > 5.04 0.79 (0.51, 1.24)   38/82 > 5.04 0.68 (0.38, 1.23)  

Ptrend
a   0.31    0.17 

        

CRC mortality        

Age Adjustedb        

Quintile 1 54/137 ≤ 3.51 1.00 (ref.)  29/67 ≤ 3.51 1.00 (ref.) 

Quintile 2 40/126 3.51 - 4.03 0.80 (0.51, 1.26)   25/77 3.51 - 4.03 0.95 (0.51, 1.77) 

Quintile 3 41/118 4.03 - 4.48 0.85 (0.54, 1.32)   26/86 4.03 - 4.48 0.80 (0.43, 1.49)  

Quintile 4 42/129 4.48 - 5.04 0.80 (0.51, 1.25)    25/73 4.48 - 5.04 0.95 (0.51, 1.75)  

Quintile 5 46/121 > 5.04 0.83 (0.54, 1.29)   34/82 > 5.04 0.92 (0.51, 1.65)  

Ptrend
a   0.45    0.84 

Multivariable Adjustedc        

Quintile 1 54/137 ≤ 3.51 1.00 (ref.)  29/67 ≤ 3.51 1.00 (ref.) 

Quintile 2 40/126 3.51 - 4.03 0.94 (0.57, 1.56)   25/77 3.51 - 4.03 1.08 (0.54, 2.13)  

Quintile 3 41/118 4.03 - 4.48 0.80 (0.49, 1.32)   26/86 4.03 - 4.48 0.93 (0.47, 1.85)  

Quintile 4 42/129 4.48 - 5.04 0.85 (0.52, 1.41)   25/73 4.48 - 5.04 0.91 (0.45, 1.83)  

Quintile 5 46/121 > 5.04 0.85 (0.52, 1.40)   34/82 > 5.04 0.99 (0.51, 1.91)  

Ptrend
a   0.50    0.89 

aPtrend was calculated using the median value of each Se or SePP quintile as a continuous variable, adjusted for variables in the corresponding models. 
badjusted for age and stratified on  country 
cadjusted for age, sex, stage, grade, smoking status, BMI, site of primary tumor, year of diagnosis, sex-specific physical activity, diabetes and alcohol, 

and stratified on  country 


